A novel bisazomethine Schiff base was synthesised by the condensation of 3-hydroxyquinoxaline-2-carboxaldehyde and 2,3-diaminomaleonitrile.
Introduction
Quinoxalines represent an important class of nitrogen-containing heterocycles and have gained increasing attention in recent years due to their different applications in various areas. They find applications as dyes [1] [2] [3] , as fluorescent materials [4] [5] [6] and as organic light emitting devices [7] [8] [9] [10] [11] [12] [13] . Quinoxaline derivatives exhibit a broad spectrum of biological activities [14, 15] and find place in the chemical libraries for DNA binding [16, 17] .
Azomethine dyes derived from diaminomaleonitrile are also found to have application in the field of dyes [18, 19] . Azomethine dyes are commonly used in colour photography [20] . The inherent characteristic properties of dye molecules are strongly dependent on the intermolecular charge-transfer interactions involving pelectrons and intramolecular p-p interactions of the dye chromophore [21] . It was therefore considered worthwhile to synthesise a new azomethine dye through the interaction of 3-hydroxyquinoxaline-2-carboxaldehyde and 2,3-diaminomaleonitrile. In this paper we report a detailed investigation on the synthesis, thermal, 1 H NMR, 13 C NMR, UV-vis, FT-IR, HPLC analyses, cyclic voltammetric and fluorescent studies of a new bisazomethine dye.
Experimental

Materials
All the chemicals were obtained from Sigma-Aldrich Chemicals, India and were used as supplied. Solvents used were purified and dried using standard methods.
Methods
Microanalyses of the compounds were done with an Elementar Vario EL III CHNS elemental analyzer. Room-temperature FT-IR spectra were recorded as KBr pellets with a JASCO FTIR 4100 Spectrophotometer in the 4000-400 cm À1 range. The electronic spectra of the Schiff base in different solvents were recorded on a Thermo Electron Nicolet Evolution 300 UV-vis Spectrophotometer. The UV-vis Diffuse Reflectance spectra were recorded on a Labomed UV-vis spectrophotometer equipped with a diffuse reflectance accessory in the range 200-900 nm. with a guard column packed with the same material. The column was maintained at 30 C throughout the analysis and the detection was at 254 nm. HPLC grade acetonitrile and water (Qualigens) were used for sample preparation and for mobile phase. The mobile phase used was 70% acetonitrile-water with a flow rate of 1 mL/min.
Synthesis of Schiff base
The synthesis of the Schiff base involved two main stages namely synthesis of 3-hydroxyquinoxaline-2-carboxaldehyde and the subsequent condensation of this aldehyde with 2,3-diaminomaleonitrile.
Synthesis of 3-hydroxyquinoxaline-2-carboxaldehyde (hqc)
The synthesis of the aldehyde involves preparation of 3-hydroxy-2-methylquinoxaline, 3-hydroxy-2-dibromomethylquinoxaline and subsequent conversion of the latter to the aldehyde.
2.3.1.1. Preparation of 3-hydroxy-2-methylquinoxaline (hmq). Separate solutions of orthophenylenediamine (10.8 g, 100 mmol) and sodium pyruvate (11.0 g, 100 mmol) in 250 mL distilled water were prepared. The sodium pyruvate solution was converted to pyruvic acid using conc. HCl (8 mL) and the ensuing solution was transferred to 1 L beaker to which was added, orthophenylenediamine, drop-wise, with constant stirring. The precipitated pale yellow coloured compound was filtered, washed with water and dried over anhydrous calcium chloride. . To a solution of 3-hydroxy-2-methylquinoxaline (16.0 g, 100 mmol) in glacial acetic acid (200 mL), 10% (v/v) bromine in glacial acetic acid (110 mL) was added with stirring. The mixture was then exposed to sunlight for 1 h with occasional stirring and then was diluted to 1 L using distilled water and the precipitated dibromo compound was filtered, washed with water and dried. The crude product was purified by recrystallisation 50% absolute ethanol. Yield: (92%, 29.3 g); colour: pale yellow; no sharp melting point, but decomposes within the range 210-222 C with a change in colour from pale yellow to light brown.
Anal. Cald. 
Preparation of 3-hydroxyquinoxaline-2-carboxaldehyde (hqc).
The dibromo compound (5 g, 15.7 mmol) was thoroughly mixed with precipitated calcium carbonate (20 g) using a mortar and pestle. The ensuing mixture was refluxed with distilled water (500 mL) for 3 h with occasional shaking and the aldehyde remaining in solution was collected by filtration. The yellow coloured aqueous solution thus obtained was very stable and could be used for the preparation of Schiff base. The aldehyde was obtained as a fine yellow powder by concentrating the aqueous solution using rotary evaporation, extracting the aldehyde with ether, drying the ether extract with anhydrous sodium sulphate and removal of ether with rotary evaporation.
Colour: yellow; no sharp melting point. The aldehyde decomposes within the range 108-130 C and the colour is changed from yellow to light brown. The yellow solid is not stable and changes its colour to light brown in air indicating oxidation/decomposition of the aldehyde. However the aqueous solution of the aldehyde is stable. Therefore, it would be better to use the aldehyde solution for the synthesis of Schiff base.
Yield 
Synthesis of
To a solution of 3-hydroxyquinoxaline-2-carboxaldehyde (5 g, 28.7 mmol, in 500 mL distilled water), 3-4 drops of conc. HCl was added. An alcoholic solution of 2,3-diaminomaleonitrile (1.6 g, Table 1 UV-visible absorption spectra of hqcdmn in different solvents. 14.4 mmol) in methanol (20 mL) was added to this solution dropwise with constant stirring. The red coloured Schiff base ( Fig. 1) 
Results and discussion
Extensive spectroscopic investigations have been reported on 2-hydroxyquinoxalines and their derivatives; but these investigations are mainly centred on their prototropic equilibrium [22, 23] . This amide-iminol tautomerism involves a fast hydrogen transfer between nitrogen and oxygen and these compounds usually exist in the predominant amide form [24] [25] [26] [27] [28] [29] [30] .
Infrared spectrum
The IR spectrum of the hqcdmn shows one strong absorption band around 3390 cm À1 which is either due to a hydrogen bonded n (OH) in the iminol tautomer or n (NH) in the amide tautomer. The medium intensity bands observed in the range 3100-2709 cm À1 may be due to the asymmetric and symmetric stretching vibrations of the aromatic CH groups [31] . In the case of tautomeric quinoxaline derivatives, particularly quinoxaline-2-ones, the IR stretching frequencies of the C]O and C]N (quinoxaline ring) vary from compounds to compounds. It is not easy to assign a particular range for these two types of stretching frequencies. Multiplet signals observed at 7.86-7.26 ppm range are due to the aromatic protons of the hqcdmn.
HPLC analysis
The HPLC analysis of the hqcdmn in acetonitrile (10
reveals that the compound may exist in two forms. The HPLC chromatogram (Fig. 2) gave two peaks, with retention times 3.10 min (a) with relative area percentage of 71.4 and 3.55 min (b) with the relative area percentage of 28.6 indicating that the compound exists in two forms. For the peak, a, the absorption occurs at 201 (shoulder), 221, 303 and 443 nm and for b, they are at 226, 306 and 448 nm. The electronic spectrum of the species corresponding to the major peak is due to the amide form and that corresponding to the minor peak is the iminol form. 
Electronic spectrum
The diffuse reflectance spectrum (DRS) of hqcdmn shows bands at 246, 315, 415 and 476 nm. The first one is due to the p / p* transitions of the heterocyclic quinoxaline ring and the second one is due to the n / p* transition of the -C]N-group in quinoxaline ring [35] . The azomethine n / p* transition appears at 476 nm. All the absorption peaks are blue shifted in methanol with respect to the peaks in the DRS spectrum. The solid state DRS and optical absorption spectrum in methanol (10 À5 mol L
À1
) of the hqcdmn are shown in Fig. 3 .
In solution, the ground state of hqcdmn is stabilised by hydrogen bonding with the solvent. In the excited state, the hydrogen bond of the molecule is almost completely broken or weakened to a larger extend. As a result the excited state is less stabilised and absorption is shifted to higher energy [36, 37] . Similar trend was observed in the case of all other solution spectra.
The UV-vis spectra of the hqcdmn in various solvents with different polarities were taken and their intensities and wavelengths of absorption maximum are reported in Table 1 . Fig. 4 shows the UV-visible spectra of hqcdmn in various solvents in the range 300-550 nm. The values of the longest wavelength absorption band of hqcdmn in various solvents are found to be increased with increasing solvent polarity. This positive solvatochromism exhibited by the compound may be due to the effect of dipole moment changes of the excited state, changes in the hydrogen bonding strength and/or due to excited state protonation [36, 37] . The enolate anion, formed by the dissolution of hqcdmn in an equivalent amount of NaOH, in 1:6 methanol-water mixtures absorbs at a higher wavelength compared to the non-enolate form [38, 39] .
Fluorescence studies
The photoluminescence spectra of hqcdmn in 10 À4 mol L À1 solution in various solvents at two different excitation wavelengths (302 and 450 nm) were recorded and are not identical (Figs. 5 and 6 ).
At the excitation wavelength 302 nm hqcdmn exhibits dual fluorescence with two well resolved fluorescence bands in the range 331-398 nm and 505-634 nm in all solvents ( Table 2 ). The dual emission of fluorescent spectra may be due to excited state proton transfer nature of the hqcdmn [40] . The relative intensities of the long wavelength emission and short wavelength emission are strongly dependent on the nature of the solvent. For the excitation at 450 nm we can see fluorescent bands with peak splitting in the range 512-598 nm ( Fig. 6 and Table 2 ).
The emission maximum is shifted to longer wavelength in more polar solvents, thus exhibiting a positive fluorescent solvatochromism, which indicates that the molecules become more polar in the excited states than in the ground state. The stokes shift in various solvents was seen to vary in the range 64-145 nm ( Table 2) . The large stokes shift for the present case may be either due to its less rigid structure or due to significant molecular rearrangement, that takes place upon photoexcitation [41] . The stokes shift increases with increasing solvent polarity.
Cyclic voltammetry
The electrochemical behaviour of the Schiff base has been investigated in 1:1 mixture of methanol-THF (Table 3 ). The cyclic voltammograms of hqcdmn with six different scans were recorded and are shown in Fig. 7 . Concentration of hqcdmn was 1 Â10
À5 mol L À1 and the supporting electrolyte used was tetra-nbutylammonium hexfluorophosphate (0.05 mol L À1 ). The cyclic voltammograms are characterized by one reduction peak and two oxidation peaks and are strongly dependent upon the scan rate. As the scan rate is increased a new cathodic peak is observed and its peak height increased with further increase in scan rate, which might be due to a self-protonation mechanism involving the proton transfer from the acidic iminol form to the basic reduction intermediate [42, 43] . As the scan rate increases from 50 to 300 mV, the peak current ratio of the forward and reverse scans (i.e. I pc /I pa ) increases from 1.10 to 2.40. This means that at the scan rate 50 mV, the cyclic voltammogram is consistent with one electron transfer where as at 300 mV it is in agreement with two electron transfers. Fluorescent heteroaromatic compounds containing only imine nitrogen atoms (C]N) generally exhibiting less negative reduction potential compared to the analogous aromatic hydrocarbons and heteroaromatic rings with oxygen or sulphur atoms reported as good candidates for n-type semiconductors in organic electronics [44] . The half wave reduction potential of hqcdmn in methanol-THF (1 Â10 À5 mol L À1 at a scan rate 50 mV) is 0.112 V, which is comparatively more positive than that exhibited by pyrazine (À2.08 V) and quinoxaline (À1.62 V) [45] which indicates that it may be a better choice for n-type organic semiconductor.
Thermal analysis
The compound does not have a sharp melting point, but undergoes some phase change in the temperature range 175-180 C and the colour of the compound changes to dark. The DSC thermogram of hqcdmn (Fig. 8) was recorded under nitrogen with a heating rate of 10 C min
À1
. The broad endothermic peak observed around 120 C in the DSC thermogram may be due to the loss of water of crystallisation. There is a sharp exothermic peak at 204 C, which may be due to the decomposition of the compound without melting.
The TG-DTA curves of hqcdmn in nitrogen atmosphere were recorded at a heating rate of 20 C/min in the temperature range 40-800 C and are shown in Fig. 9 . The TG-DTA curves of hqcdmn in air atmosphere were recorded at a heating rate of 20 C/min in the temperature range 40-500 C and are shown in Fig. 9 . We can see somewhat similar thermal patterns in the nitrogen and air atmosphere. The initial weight loss in the TG-DTA-DTG thermograms in air and nitrogen may be due to the loss of water of crystallisation. The sharp exothermic peak around 200 C in both cases may be due to the decomposition of the compound without melting. In both cases the decomposition is not completed at the specified range.
Conclusions
The synthesis and characterisation of a new Schiff base, hqcdmn, derived from 3-hydroxyquinoxaline-3-carboxaldehyde and 2,3-diaminomaleonitrile have been presented here. Like other 3-hydroxy derivatives of quinoxalines, the hqcdmn also exhibits prototropic tautomerism. It exhibits positive absorption and fluorescent solvatochromism and large stokes shift. The results of the UV-vis, fluorescence, CV and DSC studies suggest that the present compound is a suitable candidate for application as fluorescent and charge transport dyes. The dual emission of the fluorescent spectra and the results of cyclic voltammetric studies are in good agreement with the proton transfer in hqcdmn.
